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EFFECTOFTAPERRATIOONTHELOW-SPEEDROLLINGSTABILITY

133RlXATIVESOFSWEFTANDUNSWEPTWINGS

OFASPECTRATIO2.611

By JackD.BrewerandLewisR.Fisher

An investigationhasbeenconductedona seriesoftaperedswept
wingsinthe6-foot-diameterrollhg-flowtestsectionoftheLangley
stabilitytunnelunderconditionssimulatin.grollingflight.Theresults
ofthetestsshowedthata decreaseintaperratio(ratiooftipchord
to rootchord)ofa sweptwingcawed a smalldecreaseindampingin
rollatlowandmoderateliftcoefficients; athighliftcoefficients,
decreasingthetaperratiocauseda largereductioninthedampingin
rollandgreatlyreducedthe increaseobtainedfortheuntaperedwing
priortomaximumlift.Foranunsweptwing,a decreaseintaperratio
causeda smalldecreaseinthedampinginrollthroughoutthelift- ~
coefficientrange.Therateof changewithliftcoefficientofthe
yawingmomentdueto rollandofthelateralforceduetorollwere
slightlydecreasedat lowliftcoefficientsby a decreaseintaperratio.

Availabletheorygenerallypredictstheeffectof changeintaper
ratioontherateof changeoftheyawingmomentdueto rollwithlift
coefficientandonthedampinginrollat zeroliftmoreaccuratelythan
itdoestheeffectof sweep.Tip-suctioneffects,notaccountedforby
thetheory,maycauselargeerrorsinthetheoreticalvaluesofthe
yawingmomentdueto rollandthelateralforcedueto roll.Fora swept
wingtheyawingmomsntduetorollcanbe est-ted by applyinga cor-
rectiontotheavailabletheoryby utilizingtheexperimentalvalueof
thelateralforceforanunsweptwingofthesameaspectratioandtaper
ratio(thetip-suctionforce)andthegeometriccharacteristicsofthe
wing.

INTRODUCTION

An extensiveinvestigationisbeingcarriedoutattheLangley
stabilitytunnelto determinetheeffectofvariousgeometricvariables
onrotaryandstaticstabilitycharacteristics.Thevaluesofthe

lSupersedestherecentlydeclassifiedNACARML8H18,“Effectof
TaperRatioontheIow-SpeedRollingStabilityIkrivativesofSweptand
UnsweptWingsofAspectRatio2.61” by JackD.BrewerandLewisR.Fisher,
1948.
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stabilityderivativesarerequiredfor
flightcharacteristicsofan airplane.
arereadilydeterminedby conventional

NACATN 2555

thedeterminationofthedynamic
Thestaticstabilityderivative~
wind-tunneltests,andtherotary

stabilityderivatives,heretoforegenerallyestimatedfromtheory,can
nowalsobe quicklydeterminedby theutilizationofthestability-wind-
tunnelcurved-androlling-flowtestequipment(references1 and2).

~ thispaperresultsareyresentedof testsnadein straightand
rolltigflowto determinetheeffectoftqer ratioontherollingchamc-
teristicsofa 450sweptbackwingandanunsweptwing(bothhavingan
aspect~tio of2.61). Theeffectsof changestntiperratioontheyaw-
ingcharacteristicsoftheswept- arepresentedinreference3.

SYMBOIS

Thedataarepresmted in the formofstandardNACAcoefficientsof
forcesandmomentswhicharereferred.inallcases.to thestabilityaxes.
withtheoriginatthequarter-chordfiointofthe “

.

ofthemodelstested.Thepositive&&ectionsof
~ displacementsareshownfifigure1. The
usedhereinaredefinedasfollows:

% liftcoefficient(L/@)

meanaerodynamicchord
theforces,qoments,and
coefficientsandsynibols -

% longitudinal-forcecoefficient(X/qS)

%0. dragcoefficient(+ for *= 0°)

%
lateral-forcecoefficient(Y/qS)

C2 rolling-momentcoefficient(L’/@b)

cm pitch@-momentcoefficient(M/qS~)

%1 yaw5ng-momentcoefficient(N/qSb)

3 lift,pounds

x longituaimal force,pounds

r lateralforce,pounds

L’ rollingmomentaboutX-axis,foot-pounds

M pitchingmment aloutY-axis,foot-pounds
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yawingmomentaboutZ-axis,foot-pounds

( $)dynamicpressure,poundspersquarefoot $

massdensityof air,slugspercubicfoot

free-streamvelocity,feetpersecond

wingarea,squarefeet

spanofwingmeasuredperpendiculartoplaneof symmetry,feet

chordofwing,measured

meanaerodynamicchord,

paralleltoplaneof symmetry,feet

feet (~~b’2c2dy)

distancemeasuredperpendicular

distanceof quarter-chordpoint
leadingedgeofrootsection,

toplaneof synmetry,feet

of anychordwisesectionfrom
feet

distancefromleadingedgeofrootchordto quarterchordof

meanaerodynamicchord,feet.
(iJb’2+

aspectratio (b2/S)

taperratio
( )
Tipchord(extended).

Rootchord

angleofattackwasuredinplaneof symmetry,degrees

angleofyaw,degrees

sweepof quarter-chordline,degrees

wing-tiphelixangle;radians

rollingangularvelocity,radianspersecond

.
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acyp
Cy =—
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KPPARATUSANDTESTS

Thetestsofthepresentinvestigationwere

.

conductedinthe6-foot-
diameterrolling-flowtestsectionoftheLangleystabilitytunnel.In
thistestsection,itispossibleto rotatetheairstreamabouta rigidly
mountedmodelinsucha wayasto simulaterollingflight.‘(Seereference2.)

Themodelstestedconsistedoffivemahoganywingshavingthe
NACA0012contourinsectionsnormaltothequarter-chordline.The
aspectratioof eachnmdelwas2.61. Threewingshavingtaperratiosof
1.00,0.50,and0.25weresweptback45°atthequarter-chordline;two
wingshavingtaperratiosof 1.00and0.50hadzerosweepatthequarter-
chordline.Planformsofthefivemodel-sareshowninfigure2.

Themodelswererigidlymountedatthequarter-chordpointofthe
meanaerodynamicchordon a six-componentstrain-gage-balancestrut
(reference4). Et, longitudinalforce,andpitchingmomentweremeas-
uredinstraightflowthroughanangle-of-attackrangefromabout-4°to
ananglebeyondthestall;lateralforce,rollingmoment,andyawing
momentweremeasuredthroughthesameangle-of-attackrangeinrolling
flowforwing-tiphelixanglespb/2V oftO.021radianandto.062radian.
Allthetestsweremadeat a dynamicpressureof 39.7poundspersquare
footwhichcorrespondsto a Machnuniberof 0.17.Thecorresponding
Reynoldsnumber,basedontheman aerodynamicchord,wasl.b x 106for

_———— —— - — .——— .——
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theuntaperedwings,1.45X 106forthewingswithtaperratiosof0.50,
and1.56 x 106forthewingwitha taperratioof0.25.A photogaph
of oneofthemodelsmountedinthetunnelispresentedasfigure3.

CORRECTIONS

Correctionsfortheeffectsof jetboundaries,basedonunswept-wing
theory,havebeenapplie,dtotheangleofattack,thelongitudinal-force
coefficient,andtherolling-mo~ntcoefficient.

No correctionsfortheeffectsofblocking,turbulence,orforthe
effectsof static-pressuregradientontheboundary-layerflowhavebeen
applied.

RXSU13SANDDISCUSSION

Thelift,longitudinal-force,and pitching-momentcharacteristics
forthethreesweptwingstestedarepresentedinfigure4 (fora dynamic
pressureof 39.7lb/sqft).Theseresultsa$yeewellwiththeresults
previouslyobtainedforthesamewingsandpresentedinfigure4 of
reference3 (fora dynamicpressureof24.9lb/sqft). Therearwardmove-
mentoftheaerodynamiccenterwitha decreaseintaperratioisapparent
fromthepitching-~mentresults;theeffectoftaperratioonthelift
andlongitudinal-forcecharacteristicsissmallatlowandmoderatelift
coefficients.At highliftcoefficients,largerlongitudinal-force
coefficientswereobtainedwiththenmrehighlytaperedwings.At a
liftcoefficientofabout0.6,an increaseoccurredinthelift-curve
slope;thisincreasebecamesmallerasthetaperratiodecreased.

Reducingthetaperratiooftheunsweptwingfrom1.00to 0.50(see
fig.5) causeda smallincreaseinthelift-curveslope.As wastrue
inthecaseofthesweptwing,taperratiohada negligibleeffecton
themaximumvalueof liftcoefficient.Theangleofattackatwhichthe
maximumvalueoccurreddecreasedwitha decreaseintaperratio,a
resultoppositeto thatobtainedforthesweptwings.Thepitching-
monentresultsfortheunsweptwingsindicatealmostno shiftofthe
aerodynamiccenterwitha changeintaperratio.Changingthetaper
ratiohada negligibleeffectonthelongitudinal-forceresultsforthe
unsweptwings.

Theeffectof sweepontheliftcharacteristicsof a taperedwing
canbe determinedfromthedatapresentedinfigure5. Sweepcauseda
decreaseinthelift-curveslope,an increaseinthemaxhmmvalueof
liftcoefficient,andan increaseintheangleofattackatwhichit

____ .—.._.. ——-.—.— — ——-——--
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occurred.Theshiftrearwardoftheaerodynamiccenterwithsweepis
apparentfromthepitching-nmmentresults;thereislittlechangeinthe
valueofthelongitudinal-forcecoefficientup to theliftcoefficient
atwhichthewingstalls.

Inreferenoe3, itwasshownthat,forthesweptwings,,therewasa
largechangeh theslopesofthelateti-stability-derivativecurvesand
oftheyawing-derivativecurvesata ~t coefficientofabout0.6,tie

CL2
liftcoefficientatwhichtheq,umti~ ~ - ~ be@nti increase

rapidly. Forthesamewin~ therollingparametersCzp,Cnp,andcy
P

plottia a~tit liftcoefficientinfigure6 of thepresentpaperdso
showlargechangestnslopeata liftcoefficientofabout0.6.

.

~figure 6 it oanbe seentiata decreasetitaperratiocauseda
smalldecreaseindamp3nginroU.atlowand.moderateliftcoefficients;
athighliftcoefficients,decreasingthetaperratiocauseda large
reductioninthedampinginrolland~atly reducedtheincreaseobtained
fortheuntapered~ priortomaximumlift.Therateof changeof CyP .

withliftcoefficientwasslightlydecreasedwitha decreaseintaper
ratioatlowliftcoefficients;athighliftcoefficientstherewasno
consistentvariationwithtaperratioforeither

%
or

c%”

Fortheunsweptw3ngs(fig.7) a decreaseintaperratiocauseda
a decreaseinthedampingtirollthroughoutthelift-coefficient
-e” Therateof changeof C~-%p withliftcoefficientwas

slightlydecreasedby a decreaseintaperratio.

Thevariationwithtaper

lift-coefficientrangeandof

((CZP)CL=O)
arepresentedin

ratioof C% and Cyp forthelow
CL CL

dampinginrollat zeroliftcoefficient
figure8. Experimentalvaluesof CZ

P

at zeroliftarecomparedwithvaluesindicatedby thetheoriesofrefer-
ences5 and6. Theoreticalvaluesof cnpCL and Cy wereobtained

pCL
by themethodofreference5 whichisbasedon a lifting-line-theory
conceptandwhichdoesnotconsiderthe-effectofunbalancedtipsuction
underasymmetricconditions.Theexperimentalvaluesof Cy

P (
and CypcL

)
forthewingswithzerosweepshowthatsuchunbalancedsuctiondoesexist. “
Ifthesuctionforcesarems~ed tobe tidependentof -ep~ a correction

-..——.
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tothetheoreticalvalueof ~ fora sweptwingcanbe obtained.
pCL

Forexample,whenthevalueof Cy duetotipsuctionfortheunswept
pCL

wingwith0.5taperratio
forthe45°sweptwingof

be determined.Whenthis

(0.28fromfig.8) isassuredtobe thesame
0.5taperratio,a correctionto ~ can

Pm
valueof Cy ismultipliedby-1.01,the

‘CL
longitudinaldistancebetweenthemountingpoint(quarterchordofthe
meanaerodynamicchord)andthe50-percentpointofthetipchord(where
thesuctionforceisassumedto act),andwhentheresultis dividedby
thespan3.04,a valueof ~

‘CL
dueto tipsuctionisdetermined;in

thiscase,theadditionto ~ is -0.093. Thefinalvalueof
‘CL % CL

isthenthesumofthetheoreticalvalue(-0.065) andthetip-suction
increment(-0.093).Thisvalue(-0.158)is incloseagreementwiththe
actualexperimentalvalueof -0.160.Theorypredictstheeffectof a
changeintaperratioon (%)%=0 ~d cnpcLnmreaccuratelythanit

doestheeffectof sweep.Theapparentcloseagreementbetweenthe ~
theoreticalandexperimentalvaluesof Cy forthesweptwingsis

pCL
actuallyduetotheoverpredictionofthetheorywhichyinthiscase,
compensatesfortheunaccounted-fortip-suctioneffect.As theaspect
ratioofthewingincreases,thevalueof Cy dueto.thetipsuction
wouldbe expectedtobecomesmaller.Theerrorsassociatedwiththe
neglectofthetipsuctioninthetheoreticalanalysisshouldthen
be quitesmallforwingsofhighaspectratio.Thetheoretic-values
of Czp at zeroliftas obtainedby themethodof reference6 show

thesameeffectof a changeintaperratio
reference5.

CONCLUSIONS

asdidthetheoryof

Resultsoftestsmadeinthe6-foot-diameterrolling-flowtest
sectionoftheI@ngleystabilitytunnelinstraight”androllingflow
ona seriesoftaperedsweptwingsindicatethefollowingconclusions:

1.A decreasein’ta~rratioofa sweptwingcauseda smalldecrease
indampinginroll,at lowandmoderateliftcoefficients;athighlift
coefficients,decreasingthetaperratiocauseda largereductioninthe
dampinginrollandgreatlyreducedtheincreaseobtainedfortheuntapered
wingpriortomaximumlift.Foranunsweptwing,a decreaseintaperratio

.
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causeda smalldecreaseinthedampinginrollthroughoutthelift-
coefficientrange.

2. At lowHft coefficients,a decreasefitaperratiocauseda s?nalll
decreasein therateofchengeoftheyawingmomentduetoro~ andthe
lateralforceduetorollwithliftcoefficient.

3.Availabletheorypredictstheeffectof change
ontherateofchangeofthe_ momentduetoroll
efficientandonthehnpinginrollat zeroliftmme
doestheeffectof sweep.

intaperratio
with~ft CO-
accuratelythanit

,4. Tip suctionmaycauselargeerrorsintheavailabletheoretical
vdhzesof‘tieya*gant dueto rollandtielateral.forcedueto
roll;theyawingmmmnt duetoro~ ofa sweptwingcanbe estimated
quiteaccurate~lyapplginga s~le correctionto theavdlabletheoryby
utiHzingtheexpe-ntal valueofthelateralforceforenunswept
wingofthesme aspectratioandtaperratio(thetip-suctionforce)
andthegeometriccharacteristicsofthewing.

LangleyAeronautic@-Laboratory
ITationelAdvisoryC@ttee forAeronautics

LangleyField,Va.,August24,1948 “

,

.

*

-.— _.— —— -——– —————.. —



2

.

NACATN2555 9

REFERENCES

1.BirdjJohnD.,Jaquet,ByronM.,andCowan,JohnW.: Effectof
FuselageandTailSurfacesonLow-speedYawingCharacteristics
of a Swept-WingModelasDeterminedh Curved-FlowTestSection
of LangleyStabilityTunnel.NACATN 2h83,1951. (Formerly
NACARM L8G13.)

2.MacLachlan,Robert,andLetb, William:CorrelationofTwo
E2cperbnentalMethodsofDeterminingtheRolldngcharacteristics
ofUusweptWings.NACATN 1309,1947.

3.Lelilm,William,andCowan,JohnW.: EffectofTaperRatioon
Iaw-speedStaticandYawingStabilityDeti-vativesof45°Swept-
backWingsofAspectRatioof 2.6.1.NACATN 1671,1948.

4.Goodman,Alex,sndBrewer,JackD.: IiweatigationatLowSpeeds
oftheEffectofAspectRatioandSweeponStaticandYawingStability
DerivativesofUntaperedWings.NACATN 1669,1948.

5.Toll.,ThomasA.,andQuei~o,M. J.: Appro~te Relatimsand
ChsrtsforLow-Speed.StabiHtyDerivativesofSweytWings.
NACATN 1581,1948.

6.Weissinger,J.: TheLiftDistributionofSwept-BackWings.
NACA!I!M1120,1947.

.

(, .

.

.—.—-—.——— — —-- —————.-. —



10

Figure1.-Systemof
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. Mgure 2.- PleafOITtlEof -S tested. NACA&12 profile (perpendicular
to quartsr-chord line); A = 2.61.
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Figure4.- Effectoftaperontheaerodynamiccharacteristicsofthe
sweptwings.A = 45°;A = 2.61.
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Figure5.-Effectoftaperandsweepontheaerodynamiccharacteristics .
ofthetings. A = 2.61.
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Figure6.-Effectoftaper-ontherollingparametersoftheswept~s.~:
A = 450;A = 2.61.
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